Abstract. The authors have developed a model for assessing the Ukrainian banks cost efficiency by means of Stochastic Frontier Analysis, in which the banks are considered as financial intermediaries. On the basis of the likelihood ratio test results the trans-logarithmic function steps forward in the role of the bank's cost function. In the role of input variables we used the value of fixed assets, the price of labor and price of loanable fund, in the role of output − total loans, other assets and total cost.
Introduction
The efficiency of banking has long been the subject of many scientific studies, mostly dealing with the banking systems in leading industrialized countries, such as the United States and European countries (Great Britain, Germany, France, etc .) The study of the efficiency of banking systems in developing countries and countries with transition economies is much less common. Commercial banks, which constitute the main element of the banking system, should function effectively otherwise they will create problems and hinder the development of the economy of any country. Identifying key performance determinants is a major issue in its analysis.
It is also worth noting a rather difficult situation in the banking sector of Ukraine, which lately has been particularly aggravated. Thus, an unpleasant and very expensive for the economy record was set in 2017, namely, the highest proportion of unemployed loans in the history of world observation was recorded in Ukraine − the share of non-performing loan (NPL) reached its peak in July and amounted to 58%, and their volume almost equaled to one trillion UAH. In the state banks, the share of problem loans is generally 75%. In fact, there are many reasons for the emergence of such a difficult situation, the Ukrainian banks found themselves in and most of them are systemic. However, some decisions in the field of banking often had political and sometimes populist undertones. Thus, the adoption of interim decisions on a moratorium on debt collection did not solve the problem, but on the contrary led Ukraine to the first place in terms of volume of problem loans. To reduce dramatically the number of toxic bank assets is one of the strategic objectives of the government. One of the conditions for achieving this goal is to increase the efficiency of banking institutions.
Literature reviews and theoretical framework
The first studies of the efficiency of banking activities based on Stochastic Frontier Analysis (SFA) date back to 1985, when G. Sherman and F. Gold applied this approach to the analysis of banking business, focusing on the efficiency of operational activities of savings banks departments (see Fig. 1 ). The problems of assessing the efficiency of banks based on intermediation and production approaches can be found in many research publications, among which we should be single out the works of G. Sherman & F. Golda (1985) , Maslak N.G. & Buryaka A.V. (2009 ), A. Berger & L. Mester (1997 , T. Coeli (1986) , D. Codd & F. Palma (1986) , K. Aikaterini (2010) , A. Prykarpatskyi et al (2009 ), B. Kyshakevych & D. Mazharov (2016 , 2017 ) et al. Dong Yizhe et al (2014 used the SFA approach to assess the performance of China's public and shareholding banks in order to identify potential reserves for their development. According to the results, the growth rates of joint-stock banks in China were somewhat higher compared to the state banks, primarily due to a more successful introduction of innovative banking technologies.
It should be noted that the analysis of the efficiency of Ukrainian banks by means of the SFA approach has already been done by a group of authors in the paper (Pilyavskyy et al, 2012) , but this study was conducted only throughout a single year of 2008, and a slightly different set of variables was used for this. The authors of this study state that the banks efficiency assessment is very sensitive to the choice of methods of analysis. Thus, the results of their analysis regarding the efficiency of Ukrainian banks using the DEA (Data envelopment analysis) approach can not be compared with the results obtained on the basis of the SFA approach, since the DEA approach has been used to assess technical efficiency, while the SFA approach deals is used for cost efficiency.
In general, the problem of comparing the two most popular methods of evaluating performance − DEA and SFA approaches − is a fairly common theme of scientific discussion. Thus, a group of German analysts: M. Coether, A. Karman, E. Fiorentino (2006) from Deutsche Bundesbank investigated the compatibility of these two approaches on the basis of comparing the results of the German banks efficiency assessment for the period from 1993 to 2004. The average value of efficiency estimates obtained with the SFA approach was generally bigger in comparison with the DEA assessment. These two approaches gave comparatively similar results only when exclusively the banks of the same group were included in the sampling. In addition, the parametric nature of the SFA approach was less intrusive to external influences by taking into account the error of estimation.
The analysis of the cost efficiency of 26 commercial banks in Pakistan for the period from 2005 to 2013, implemented by Khalil Sana et al (2015) on the basis of the SFA approach, showed that on average Pakistani banks could reduce the inefficiency of using their resources by 33.52%, or in other words, they could only use 66.48% of their resources to achieve the same level of output. The bank may have many local goals, but achieving high profitability is obviously its ultimate goal. Cost efficiency in this context is an important means of achieving long-term profitability. The proper distribution of the bank's financial resources is due to an improvement in the level of its efficiency and growth of investment in the bank. The results obtained Khalil Sana et al (2015) interact with the results of the study of Matthews (2007) . The features of the SFA approach for analyzing the efficiency of banking systems in different countries have also been reflected by Ferrier G. D. & Lovell A. K. (1990) , Resti, A. (1997) However, the problems of analyzing the efficiency of Ukrainian banks on the basis of modeling the stochastic frontier of efficiency are not sufficiently highlighted in the domestic scientific literature, which necessitates the development of appropriate models based on the financial and accounting reporting of Ukrainian banks. Efficiency is often defined as the level of performance that describes the process of achieving the maximum output value at the expense of the minimum inputs. In the economy, efficiency determines the ability to maximize the output of products or services provided at the expense of available resources. It is believed that one economic system is more efficient than the other if it can produce more products and provide more services without attracting additional resources.
In literature related to banking, you can find different approaches to determining the efficiency. Efficiency is generally viewed from the standpoint of economic theory and organization theory. The classical economic concept of efficiency considers efficiency as the ratio of output to incoming resources. The greater the value of this ratio, the greater the efficiency of the business unit. With regard to banking, Altunbas Y. et al (2000) define efficiency as an indicator that demonstrates the ability of banks and their staff to maintain revenue growth at a level that exceeds the increase in operational costs. Many scholars consider activity to be efficient, when its result does not only achieve the goals set, but also provides economic income, which exceeds the costs.
The purpose of the paper is to construct a model for assessing the efficiency of Ukrainian banks as financial intermediaries using the Stochastic Frontier Analysis (SFA).
A stochastic frontier model of cost efficiency assessment of Ukrainian banks
The results of the theoretical analysis of existing approaches to the interpretation of the concept of the effectiveness of banking activities indicate that the most used are two criteria of efficiency, namely, profitability indicators and cost indicators, or rather, the coverage of costs. Based on these criteria one can distinguish the following types of bank efficiency:
1. Profit efficiency; 2. Cost-efficiency. 
Fig. 1. Approaches to assessing the performance of banks
Source: on the base of (Maslak, Buriak, 2009) Different methods for evaluating efficiency can be found in the literature. Most economists usually adhere to the principle of rational behavior and analyze banks using the neoclassical theory of the enterprise. This approach allows you to use traditional economic performance indicators (inputs, outputs, cost limits, etc.) .
Until now, the problem of choosing a method that better represents the real costs and Methods based on constructing a performance frontier performance of a banking institution is relevant. Two main approaches are used to measure efficiency: 1. Production approach 2. Intermediatory approach. According to the production approach, the bank's purpose is to maximize the size of financial services with given input resources or minimize the consumption of resources, used to provide a range of services and sales of banking products. Thus, the idea of a production approach is to identify those inputs that are most important in providing financial and other types of the bank's services. In this approach, the results are usually estimated by the number of banking transactions and transactions or open accounts, rather than by income. In the production approach, attracted deposits are considered as the output of the banks. This approach tends to ignore interest costs by focusing on operations, which makes the production approach more suited to study operational efficiency.
An intermediary approach considers banks as intermediaries that attract capital in the form of deposits and invest them in loans and other assets in order to obtain profit. In this approach, the costs associated with raising funds are usually considered as sources or inputs, whereas funds provided to borrowers and the proceeds from investing in available funds are considered as output.
The main inputs and outputs of banks in different approaches to the evaluation of efficiency are presented in Figure 2 
Fig. 2. Comparison of inputs and outputs in the production and intermediary approaches Source: authors' compilation
Efficiency frontier is usually obtained based on the available statistics. As a rule, parametric and non-parametric methods are used for this purpose. Parametric methods include Stochastic Frontier Approach (SFA), Thick Frontier Approach (TFA) and Distribution Free Approach (DFA), while Data Envelopment Analysis (DEA) and Free Disposal Hull (FDH) belong to non-parametric. The advantages and disadvantages of econometric models for assessing the performance of banks are given in Table 1 .
When choosing a method for assessing the efficiency of a banking institution, a number of assumptions and limitations should be taken into account which needs to be done in each of the approaches. Thus, when using the SFA we need to consider the following limitations and
Output -Number of accounts -Number of loans -Number of transactions -Demand deposits
Production approach
Intermediary approach
Output -Loans and advances -Other investment typical problems that occur when implementing it:
-It is necessary to make assumptions about the type of production function. An incorrect selection of a production function can significantly affect the result.
-Simple production functions do not allow making a forecast of the companies' technical efficiency with several output parameters.
-The method of maximum likelihood does not allow assessment of the reliability of the results with a small sample.
-The absolute value of the technical efficiency is very sensitive to assumptions regarding the type of distribution and less sensitive to ranking.
-SFA requires the use of a large number of DMU.
-In addition, most of the problems that are typical of the DEA method also arise in the SFA approach. -no need to define precisely the form of the frontier of efficiency; -the presence of banks with 100% efficiency.
Disadvantages -the need to accurately determine the shape of the frontier, that is, the existence of a previously known function of the frontier of efficiency.
-precise calculation (not estimation) of efficiency values; -necessity of assumption concernig the absence of random errors . Source: authors' compilation In the scientific literature one can come across different types of production functions. Table 2 summarizes the most frequently used types of production functions that are encountered in the analysis of the efficiency of various aspects of entrepreneurial activity. Table 2 Types of production functions used in the evaluation of efficiency 
where i represents the i-bank, t is time, and − respectively, the output and input variables of i-bank, − unknown parameters. In general terms, model (1) has no restrictions and then − a random normally distributed error , represents the inefficiency of i-bank, with are also the normally distributed independent random variables: . The article analyzed the efficiency of the cost of Ukrainian banks for 2015 and 2016 on the basis of the intermediary approach. Only these two afore-mentioned years were taken for analysis because previously the National Bank had not published data on the costs of bank personnel which is necessary in determining the cost of labor − an important parameter of almost all banking efficiency assessment methods based on Stochastic Frontier Analysis.
In the case of profit efficiency, as well as in the estimation of cost efficiency, the dependent variable of profit is also expressed as the ratio of profit to total assets in the translogarithmic function. As noted by Berger A.N. & Mester L. J. (1997) , there are at least three reasons for such normalization: 1) reduction of the probability of the problem of heteroscedasticity; 2) reduction of possible manifestations of the scale effect; 3) the dependent variable used in the estimation of profitability is an indicator of return on assets (ROA), and, consequently, has a clear economic interpretation. 
s since banks of different sizes and different forms of ownership took part in the study. Institutional differences between these banks substantially affect the forms and methods of forming their own capital.
As an input variables we used the value of fixed assets, labor costs, the cost of loan capital, as output variables: issued loans, other assets and aggregate costs. Table 3 shows the input and output variables and methods of their calculation.
The total cost of the bank (TC) are defined as the sum of interest, commission, administrative, operating expenses and deductions to reserves for liabilities. Commission expenses of a commercial bank are fees paid to other banking institutions for cash settlement, cash and credit services, financial intermediaries through the intermediation of securities transactions and the foreign exchange market, as well as commissions paid for off-balance sheet transactions. The interest and commission expenses of the bank depend mainly on the market situation and the competitive position of the bank. Bank's operating costs are significantly influenced by the bank's internal environment − the quality of financial management and the quality of management of the bank's material and labor resources. As a result, the efficiency frontier model will look like:
To check the existence of costs inefficiency in the Ukrainian banking system and to determine the type of frontier function of the efficiency, tests were carried out to confirm two hypotheses. The first null hypothesis is intended to verify the existence of technical inefficiency in the constructed model (2). The parameter varies from 0 to 1. Execution of the condition would mean the absolute cost efficiency of the banking system according to the proposed model. An alternative hypothesis indicates the existence of technical inefficiency.
The second null hypothesis is intended to select the type of frontier function and indicates that the Koba-Douglas function has advantages over the trans-logarithmic function.
Typically, tests of Lagrange multipliers, the Wald test, and likelihood ratio test (LR) are usually used to test the constraints on the statistical model parameters. We will use the latter to test hypotheses about the existence of the technical inefficiency effect and for the choice of the most suitable frontier function. Relation of the likelihood LR is given by the following ratio:
where , − is the values of the likelihood functions in the case of null and alternative hypotheses. It is believed that LR statistics has approximately a хі-square or a mixed хі-squared distribution with degrees of freedom, which equal the difference between the parameters in the null and alternative hypotheses.
To obtain estimates of stochastic frontier parameters using the maximum likelihood method, a three-step procedure was implemented: Table 5 ). -0,0005 0,0068 -0,0775 sigma-squared 0.1418** log likelihood -80,2 *, **, *** parameters estimates are statistically significant at 1%, 5%, 10%, respectively Source: authors' compilation 2) Using a two-stage grid search, parameter is found with β parameters obtained in the first stage of the OLS method. Parameters β0 та are obtained using the Adjusted Least Squares Method. Other parameters are assumed to be null; 3) Obtained in the result of grid search parameter estimates , β та are used, according to Coelli T.J. (1986) as initial values in the Davidon-Fletcher-Powell Quasi-Newton method for determining the final values of these parameters by the maximum likelihood method. In our case, for the first hypothesis, using the FRONTIER 41 program, the following value of the likelihood ratio , (4) which is much larger than the critical value of 3.38, taken from Kodde D. A. & Palm F.C. (1986) .
The results confirm the existence of the effect of technical inefficiency in the banking system of Ukraine according to the proposed model (2). The estimation of the parameter over the analyzed period was 0.74 and indicates that 74% of the variation of the overall error can be explained by the technical inefficiency of costs. The results of the likelihood ratio test for the second null hypothesis, which are presented in Table 6 , indicate the necessity to reject this hypothesis, and thus, that the trans-logarithmic function is statistically more attractive for estimating the efficiency at the expense of Ukrainian The main indicator that defines inefficiency is the parameter . The statistical significance obtained on the basis of the maximum likelihood method indicates the existence of a stochastic frontier. If not equal to zero, this means that the difference between the real and the marginal cost value is explained mainly by technical inefficiency. If it is not statistically significant, then any difference is due solely to a random error. In other words, banks operating on the frontier are considered to be technically efficient and, with a few exceptions, receive the maximum output for the selected combination of input data. Technical efficiency can be measured by means of a coefficient that determines the level of deviation of the output from the marginal level and which is explained by technical efficiency. In fact, it corresponds, as noted Aikaterini K. (2010) , to the ratio of unexplained and aggregate errors and covers the aggregate output effect of technical efficiency by defining the percentage of deviation that arose due to technical inefficiency. It is obvious that . If is close to one and is a statistically significant parameter, this indicates that the majority of the total deviation of the output is due to technical inefficiency.
After performing the step 3 we obtained final estimates of regression parameters (see Table 7 ).
As a result, we obtained cost efficiency evaluation of the Ukrainian banks for the period from 2015 to 2016, the values ten the best and worst of which are given in Table 8 . The average cost efficiency of Ukrainian banks for the analyzed period amounted to 0.63. Source: authors' compilation The analysis of the cost efficiency for the period from 2015 to 2016 indicates that subsidiary banks of foreign banking groups used their own and attracted capital more efficiently to provide banking services. The average value of banks cost efficiency of 'foreign banking groups' in Ukraine was 70.9%, while for banks with a public share this figure was only 62.1% (Figure 3) . Anxiety is caused by extremely low cost efficiency of the two banks, which are actually systemic for the banking system of Ukraine: PrivatBank and Ukreksimbank, namely 49% and 47% (see Table 8 ).
The analysis showed somewhat higher values of the cost efficiency of small banks (Table 9 ), but their market share is insignificant, and besides, their future depends, to a large extent, on whether all small banks will be able to meet the NBU's requirements for increasing the authorized capital.
It should be noted that optimism is added by the fact that the requirement for a minimum capital of 300 million UAH was postponed for another two years, namely July 11, 2020, and at UAH 400 million. − for three years. At the same time, the deadline for the capitalization of 500 million UAH remained unchanged − July 11, 2024. However, according to many experts, for Ukraine, the real capital of a minimum capital is UAH 200 million. Table 9 Ukrainian banks cost efficiency depending on the size of their assets
Banks
Mean cost efficiency 50 bn. UAH < assets 0,56 25 bn. UAH < assets < bn. UAH 0,66 10 bn. UAH < assets <25 bn. UAH 0,70 5 bn. UAH < assets <10 bn. UAH 0,69 1 bn. UAH < assets <5 bn. UAH 0,69 0,5 bn. UAH < assets <1 bn. UAH 0,68 Assets <0,5 bn. UAH 0,74 Source: authors' compilation The problem can be considered as delayed, but unresolved, since about 40 out of 82 banks are not significantly up to date with the capital adequacy ratio. The majority of these 40 banks will be able to attract additional capital through mergers with other banks or by attracting new shareholders and investors. The problem of increasing the authorized capital for small banks is delayed, which, on the one hand, gives them a break, but at the same time reduces the motivation of this group of small banks to structural changes within these banks, especially in the field of improving the efficiency of corporate governance.
Conclusions and suggestions
The article analyzes the Ukrainian banks cost efficiency for the period from 2015 to 2016 on the basis of Stochastic Frontier Analysis. To this end, an intermediary approach was used, where the value of loan capital, personnel costs, the value of fixed assets, and the role of initial variables: issued loans and other assets were taken as input variables. The test of the likelihood ratio used in the article showed that the trans-logarithmic function most closely approximates the costs of Ukrainian banks for the analyzed period.
The average value of the Ukrainian banks cost efficiency during this period was 0.63. A negative signal for regulators is the fact that such systemic financial institutions as PrivatBank, Ukreksimbank and Ukrsotsbank hit the top ten worst performing banks. Confirmation of such a negative assessment of the spending management policy in these banks was bankruptcy and further nationalization of PrivatBank in December 2016. Small Ukrainian banks showed somewhat higher value for cost efficiency, but their share in the domestic banking market is very small.
The reason for the low efficiency of public banks should be sought in the absence of their motivation to conduct business effectively, as opposed to banks with private capital. First of all, state-owned banks have the opportunity to almost constantly attract cheap capital, and, secondly, no one sets strategic goals for profitability before them. As a result, the active operations of such banks are not often rational, which is reflected in the quality of the bank's assets portfolio and the financial institution's level of profitability.
